| INTRODUCTION
Lymphoma, the most common malignant neoplasia seen in horses, represents 1%-14% of tumors in horses. 1 Lymphoma in horses can be classified by anatomic distribution into alimentary, cutaneous, multicentric, or mediastinal forms. Clinical presentation varies depending on the sites affected. In a previous large retrospective report of lymphoma in horses, which classified cases based on histomorphology and immunophenotyping, the multicentric form was most common (41%), followed by cutaneous (19%) and alimentary (11%) forms. 2 That study also found T-cell rich large B-cell lymphoma (TCRLBCL) to be the most common histologic subtype seen in horses with lymphoma, whereas peripheral T-cell lymphoma and diffuse large B-cell lymphoma also were seen frequently. 2 Prognosis for horses with lymphoma is variable and not well characterized. Treatment is often palliative and may include surgical excision, corticosteroids, chemotherapy, or a combination of treatments. Description of the use of chemotherapy for treatment of horses with lymphoma has been limited to case reports, 3, 4 and no study has evaluated a large number of horses treated by chemotherapy to determine the efficacy of treatment and long-term outcome in horses with lymphoma. Our primary objective was to report long-term outcome of equids with lymphoma treated using chemotherapeutic protocols.
| MATERIALS AND METHODS
Cases were identified by search of electronic and hard copy medical records from 2006 to 2017 at the New Bolton Center Large Animal
Hospital at the University of Pennsylvania and by an email call for cases to the ACVIM Large Animal Internal Medicine and Oncology Diplomate listservs (no dates specified). Case inclusion criteria consisted of (1) equid patients with (2) histologically confirmed lymphoma that were (3) treated using chemotherapeutic protocols. Horses were excluded if the diagnosis was presumptive and not confirmed by histology, if chemotherapeutic treatment was not attempted or if no follow-up information was available. Information recorded for each patient included signalment, history, presenting complaint, physical examination findings, clinicopathologic data, stage, immunophenotype and anatomic form of lymphoma, treatment (chemotherapy, corticosteroids, surgical excision), adverse events, long-term outcome, and necropsy results (where applicable). Lymphoma was classified based on anatomic distribution, and multicentric lymphoma was defined as involving at least 2 organs, not including regional lymph nodes, as previously described. 2 Response to chemotherapy was described using previously reported criteria. 5 Briefly, complete remission (CR) was defined as disappearance of all evidence of disease and clinical signs.
Partial response (PR) was defined as >30% decrease in the size of baseline pathologic lesions. Progressive disease was defined as >20% increase in the size of lesions. Stable disease (SD) was defined as <30% decrease or <20% increase in the size of lesions. Time to reassessment and method of reassessment varied and were not standardized. Overall response rate was defined as (CR + PR)/total cases.
| Statistical analysis
Descriptive statistics were used to report clinicopathologic findings.
Numerical values are reported as medians and ranges unless otherwise specified. Survival analysis was performed using the KaplanMeier method.
3 | RESULTS
| Cases
Fifteen equids met the inclusion criteria. Median age was 11 years (range, 4-25 years). There were 6 Warmbloods, 3 Quarter Horses, 
| Classification
Anatomic distribution of lymphoma was classified as multicentric (n = 9), cutaneous (n = 3), and alimentary (n = 3). Ten horses had immunohistochemistry performed on biopsy specimens to determine immunophenotype: 6 cases were histologically classified as TCRLBCL, 2 were classified as large B-cell lymphomas, and 2 were classified as T-cell lymphoma. Five equids did not have immunohistochemistry performed on biopsy specimens and therefore were categorized as unclassified lymphoma.
| Clinical pathology
Clinicopathologic findings at the time of diagnosis are summarized in Table 1 . Results were available for 14 of the 15 equids included in the study. Thymidine kinase activity was evaluated in 1 horse and was normal at 1.5 U/L (reference range, <2.7 U/L). 7 Three of 4 horses tested were equine herpes virus-5 (EHV-5) PCR positive on biopsy specimens of neoplastic tissue (2 cutaneous TCRLBCL, 1 multicentric TCRLBCL).
| Chemotherapy
Chemotherapeutic protocols varied widely, and intervals between chemotherapy administration ranged from 7-30 days between treatments, depending on the drugs included in each protocol. Drugs included in various protocols are summarized in Table 2 . Three horses 
| Outcome
Treatment response and survival time are summarized in Table 3 . The
Kaplan-Meier survival curve is shown in Figure 1 .
Complete remission was achieved in 5 horses (33.3%), PR was achieved in 9 equids (60%), and SD was achieved in 1 horse. Two of Eight equids were euthanized. Of these, 2 horses and 1 donkey with alimentary lymphoma were euthanized at 2, 2.5, and 7 months after diagnosis because of progression of their clinical signs while still on chemotherapy, after initially achieving PR. Another 2 horses were euthanized at 7 and 36 months after diagnosis because of lymphoma relapse while no longer receiving chemotherapy, after initially achieving PR. Of these 2, 1 was a pregnant mare that survived to foaling in PR and gave birth to a small but otherwise normal foal, but was euthanized 2 months after foaling (7 months after lymphoma diagnosis) because of lymphoma relapse and associated weight loss while no longer receiving chemotherapy. One horse experienced disease relapse at 19.5 months after diagnosis while no longer receiving chemotherapy after initially achieving CR and was euthanized at that time. One horse experienced disease relapse 4 months after diagnosis while still receiving chemotherapy, after initially achieving CR, and was euthanized at that time. One horse was euthanized 21 months after diagnosis of lymphoma because of a stifle injury while no longer receiving chemotherapy and still in CR.
Two horses died. One died 5 months after diagnosis, while in PR, after doxorubicin administration. One pregnant mare died 1 month after diagnosis because of progression of a mediastinal mass and pleural effusion while still receiving chemotherapy, after initially achieving PR.
| DISCUSSION
In this retrospective study, we report the survival times and incidence of adverse effects after chemotherapy for lymphoma in 15 equids.
Horses with cutaneous lymphoma and those that achieved CR tended to have longer median survival times than those with alimentary or multicentric lymphoma and those that achieved PR. Adverse effects were common (occurring in two-thirds of cases) but were usually mild and self-limiting, although 1 horse died as a consequence of adverse effects attributed to doxorubicin administration. These findings support the use of chemotherapy for the treatment of lymphoma in horses and expand the body of information available regarding potential adverse effects.
Lymphoma is a common malignant neoplasm in horses, with a prevalence of 3% based on necropsy in 241 mature and geriatric horses in a recent study. 2, 10 Lymphoma in horses most commonly is classified as TCRLBCL, and it was the most prevalent form in our study, affecting 6 of 15 equids, consistent with previous reports. 2 Common clinical findings in horses with lymphoma have been described previously, [11] [12] [13] and were not the focus of our retrospective study. Anemia and thrombocytopenia often are reported but were fairly uncommon in our case series. Thymidine kinase recently was reported to be a useful indicator of lymphoma in horses. 7 Only 1 horse in our study had this analyte measured, and it was found to be within normal limits.
In our study, horses with cutaneous lymphoma all achieved CR and tended to have longer survival times than did horses with multicentric or alimentary lymphoma (median of 34 months versus 7 months), suggesting that anatomic distribution may affect prognosis.
In dogs with lymphoma, the strongest prognostic factors include grade, immunophenotype, stage (anatomic distribution and extent), and substage. 14 The effect of anatomic distribution is such that most extranodal lymphomas in dogs, such as gastrointestinal and cutaneous forms, are associated with a worse prognosis than multicentric lymphoma. 14 The worse prognosis in dogs with cutaneous lymphoma compared to horses with cutaneous lymphoma likely relates to immunophenotype, as most cutaneous lymphomas in dogs are T-cell lymphoma, whereas most cutaneous lymphomas in horses are TCRLBCL.
In dogs with lymphoma, most T-cell neoplasms have shorter remission and survival times than do B-cell lymphomas. T-cell lymphoma, however, now is understood to represent a large group of different subtypes, with variable prognosis, dependent on subtype. 14 Although only 2 horses in our study had T-cell lymphoma, these horses were among those with the longest survival times. One of these horses had cutaneous lymphoma, whereas the other had multicentric lymphoma.
It would have been of interest to further subclassify the T-cell lymphoma in these horses; however, further subtyping was not available.
Because of the retrospective nature of our study, the optimal chemotherapeutic approach for horses with lymphoma cannot be determined because of the lack of randomization and insufficient number of cases for statistical evaluation. However, when examining Quarter Horse (n = 3) 1 2 … 8 (7-46) Corticosteroids alone may result in remission in some lymphomas, and the corticosteroid administration in 12 of the 15 horses in our study complicates interpretation of the benefits of chemotherapy.
However, a study evaluating first-line multidrug protocols for treatment of multicentric lymphoma found no effect of prednisolone on treatment outcome in 81 dogs. 16 Because of small case numbers and substantial variation in treatment protocols, the impact of corticosteroid administration on treatment of horses with lymphoma was not clearly evaluated in our study. Further studies will be required to clarify the effect of corticosteroids as compared to chemotherapy in horses with lymphoma.
Adverse effects were seen in almost two-thirds of the horses in our study, most notably after doxorubicin administration. Doxorubicin has been studied extensively, with safety and dose escalation studies published. 9, 17 Four of 7 horses that received doxorubicin in our study experienced adverse effects after doxorubicin, with 1 horse dying as a consequence of doxorubicin toxicity, despite administration of nonsteroidal anti-inflammatory medications and antihistamines. Doxorubicin is an anthracycline antibiotic that is known to be both acutely and cumulatively cardiotoxic. 18 In a phase I dose escalation study to determine dose-limiting toxicosis and maximum tolerated dose in 17 horses, no death was noted. 17 Maximum tolerated dosage was 75 mg/m 2 , and neutropenia and hypersensitivity reactions were the most common dose-limiting toxicoses seen. 17 Hypersensitivity reactions to chemotherapy are defined as unexpected reactions to drug administration with signs not consistent with the drug's known toxicity. 19 The adverse reactions seen in the horses in our study were consistent with hypersensitivity reactions seen with chemotherapy in other species, 20 and it is likely that the death of 1 horse after doxorubicin administration was a result of a hypersensitivity reaction. Hypersensitivity reactions to doxorubicin described in humans include edema, dyspnea, and anaphylaxis, 19 and complement activation is believed to be involved in the pathogenesis. 21 Reported toxic effects of cyclophosphamide, an alkylating agent, in other species include myelosuppression, hemorrhagic cystitis, and cardiotoxicity, 22 none of which were noted in the horses reported here. One horse in our study developed an adverse reaction to cyclo- . 23 Cyclophosphamide is commonly included in chemotherapeutic protocols for horses with neoplasia, effect. 24, 25 Chemotherapeutic drug dose escalation is a strategy of gradual dose increases with careful monitoring for toxicity, utilized to determine the highest tolerated dose and thereby achieve higher dose intensity and maximum efficacy. Three of the horses in our study received escalating doses of cyclophosphamide to maximum doses of 310 mg/m 2 IV, 450 mg/m 2 IV, and 800 mg/m 2 IV. These findings suggest that cyclophosphamide dose escalation may be used in horses to achieve higher chemotherapeutic dose intensity while minimizing adverse effects, and that the appropriate therapeutic dose of cyclophosphamide in horses may be higher than previously used. Further studies are warranted to determine the optimal dosage of cyclophosphamide for horses. Dose escalation of other chemotherapeutic agents was not performed in any of the horses in our study, and the effect of dose escalation of cyclophosphamide on outcome was not evaluated.
Two pregnant mares were treated using chemotherapy in our study. Importantly, both mares were at a stage in gestation beyond fetal organogenesis at the initiation of chemotherapy. Vincristine, a plant alkaloid, is believed to be less teratogenic than other chemotherapeutic agents, 26, 27 and for this reason, it was used in both pregnant mares. Although only 2 pregnant mares were included in our study, and only 1 of those mares survived to foaling, our study provides additional information regarding the use of chemotherapy for treatment of lymphoma during pregnancy in horses.
Although chemotherapeutic protocols have been reported in horses with lymphoma, 3, 4, 23, 28 these reports have been limited to case reports and case series, and little information is available on the efficacy, safety, and outcome of chemotherapy in horses. Chemotherapy in our study was effective, with 14 equids achieving CR or PR after treatment and 7 horses surviving >1 year after diagnosis. Unfortunately, lymphoma in horses remains a malignant neoplasm with poor long-term prognosis. Four of 5 horses that initially achieved CR subsequently experienced disease relapse, although 1 of the 4 achieved and remains in a second CR; 10 of the 13 equids in our study, for which long-term follow-up was available, died or were euthanized during or after chemotherapy for lymphoma.
Many barriers exist to implementing chemotherapy in horses.
These include financial constraints, availability of the drugs used, and personnel exposure and environmental contamination with chemotherapeutic drug residue. In addition, owner concerns exist regarding performance of horses while receiving chemotherapy as well as impact on fertility. A number of the horses in our study continued to be exercised during their courses of chemotherapy, including at least 2 horses that successfully competed during treatment, suggesting carefully planned chemotherapy need not necessarily impact performance beyond any effects related to the disease process itself.
Our study is limited by its retrospective nature. Retrospective studies inherently suffer from information bias and lack of complete medical records. In addition, case numbers were small and included different subtypes of lymphoma, staging was inconsistent, and no control population was utilized to compare overall survival of horses that received chemotherapy with horses not treated by chemotherapy. Ideally, a randomized controlled clinical trial should be used to evaluate the efficacy of chemotherapy for lymphoma in horses. Nonetheless, ours is the largest case series to date of horses with lymphoma treated using chemotherapy.
In conclusion, chemotherapy may be used successfully for the treatment of horses with lymphoma to achieve remission and potentially increase survival time, with results likely dependent on anatomic distribution and stage of disease. Adverse effects associated with chemotherapy are common but usually mild and self-limiting.
